We study the decay widths of the processes H + → W + H 0 (h 0 , A 0 ), including the Lorentz violating effects and analyze the possible CPT violating asymmetry arising from CPT odd coefficients. We observe that these effects are too small to be detected, since the corresponding coefficients are highly suppressed at the low energy scale. *
The charged Higgs production has been studied in several theoretical and experimental works [1, 2, 3, 4] . A search for pair-produced charged Higgs bosons was analyzed with the L3 detector at LEP and its mass was obtained as m H + > 76.5 (GeV ) [2] . The CDF and D0 collaborations have studied H + bosons at tevatron, in the case of pp → tt, with at least one of the top quark decaying via t → H + b and they present the charged Higgs mass lower limits as m H + > 77.4 (GeV ) [3] . In the recent work [4] , a search for pair produced charged Higgs boson is performed using the data from the DELPHI detector at LEP II and the existence of this particle with mass lower than 76.7 (74.4)GeV in the type I (II) 2HDM is excluded.
The charged Higgs boson decays received a considerable interest. In [5, 6] it was shown that the dominate decay modes of the charged Higgs boson were H + → τ + ν and H + → tb.
H + → tb process in the minimal supersymmetric model (MMSM) has been analyzed in [7] .
Another process which was a candidate for large branching ratio (BR) is
and it was examined in [8] . [9] is devoted to the analysis of H + → W + γ, H + → W + Z and
0 decays in the framework of the effective lagrangian extension of the 2HDM.
In this work the BRs have been obtained at the order of magnitude of 10 −5 , 10 −1 and O(1),
respectively. H + → W + h 0 decay has been studied in MSSM in [10] . [11] is devoted to the analysis of H + → W + A 0 decay in the framework of the 2HDM and, in this work, it was concluded that this channel might be dominant one over a wide range of parameter space relevant at present and future colliders. The decays of the charged Higgs boson, including the radiative modes into decays W + γ and W + Z, has been studied mostly in the framework of the 2HDM and MSSM in [12] .
In the present work, we study the Lorentz and CPT violating effects on the decay width (Γ) of the processes
Higgs fields in the model III version of the 2HDM. A Lorentz invariant underlying fundamental theory brings new Lorentz and CPT violating interactions in the model III with the possible spontaneous breaking mechanism. The extended theories like the string theory [13] , the noncommutative theories [14] , exist at higher scales where the Lorentz and CPT symmetries are broken [15] . The space-time-varying scalar couplings can also lead to Lorentz violating effects described by the SM extensions [16] . The Lorentz violation ensures tiny interactions at the low energy level and they are presented in the SM extension in [17, 18] .
In the literature there are various studies on the general Lorentz and CPT violating effects in the framework of Quantum Electro Dynamics (QED), the noncommutative space time, the Wess-Zumino model and on the restriction of the Lorentz violating coefficients coming from the experiments [19, 20] . Furthermore, some phenomenological works have been done on the the Lorentz and CPT violating effects in the SM and the model III extensions [21] and it was observed that these tiny effects are far from the detection in the experiments. [22] is devoted to the bounds on the CPT-even asymmetric (symmetric ) coefficients which arise from the one-loop contributions to the photon propagator (from the equivalent c µν coefficients in the fermion sector), and those from the CPT-odd coefficient which arise from bounds on the vacuum expectation value of the Z-boson.
The present work is devoted to the prediction of Lorentz and CPT violating effects on the decay widths of the charged Higgs H + decays into W + boson and scalar (pseudo scalar)
Higgs bosons, in the model III version of 2HDM. We study the relative behavior of the Lorentz violating effects which are carried by tiny CPT even and CPT odd coefficients and estimate the possible CPT violating asymmetry arising from CPT odd one. We observe that these additional effects are too weak to be detected in the present experiments, since the coefficients driving those effects lie in the range which is regulated by the suppression scale taken as the ratio of the light one, of the order of the electroweak scale, to the one of the order of the Planck mass [20] .
The paper is organized as follows: In Section 2, we present the theoretical expression of the decay width Γ, for the H
, with the inclusion of the Lorentz and CPT violating effects. Section 3 is devoted to discussion and our conclusions.
The Lorentz and CPT violating effects on charged Higgs decays into
This section is devoted to the Lorentz and CPT violating effects on the Γ of the charged Higgs 
where φ 1,2 are the Higgs scalar doublets in a suitable basis (see [24] for example)
with the vacuum expectation values
Here the neutral bosonsH 0 , H 1 and H 2 are defined in terms of the mass eigenstates H 0 ,h 0
where α is the mixing angle and v is proportional to the vacuum expectation value of the doublet φ 1 (eq. (3)). In eq. (1) D µ is the covariant derivative,
τ is the Pauli spin matrix, Y is the weak hypercharge,
gauge field.
The additional part due to the Lorentz violating effects can be represented by the CPT-even and CPT-odd lagrangian [17] as
where the coefficients k φφ (k φW ) are dimensionless with symmetric real and antisymmetric imaginary parts (has dimension of mass and real antisymmetric). The CPT odd coefficient k φ is a complex number and has dimension of mass. Here W µν is the field tensor which is defined in terms of the gauge field W µ ,
This Lagrangian brings new Lorentz violating corrections driven by the vertices
where p (k; q) is the four momentum vector of incoming (7), the decay width Γ in the H 0 boson rest frame, linear in the Lorentz violating parameters, is obtained as
where
with
Here the parameters ξ and β read ξ = sin 2 α (cos 2 α, 1) for S = H 0 (h 0 , A 0 ) and β = 1 (−1)
for S = H 0 , h 0 (A 0 ) and we use the special parametrization where the symmetric part of the coefficient k φφ is proportional to the identity:
Eq. (9) shows that the Lorentz violating effects enter into decay width of charged Higgs boson with the CPT even k
Sym φφ
and CPT odd k φ coefficients. The latter one is responsible for the tiny CPT asymmetry in these decays, namely
whereΓ the CPT conjugate of the Γ.
Discussion
The SM model is invariant under Lorentz and CPT transformations. However, the spontaneous Lorentz violation in the Lorentz and CPT invariant more fundamental theory at the Planck scale brings new interactions in the lower level where the ordinary SM lies. These additional interactions are naturally suppressed and their strengths are proportional to the ratio of the light mass at the order of m f,W,Z to the one of the order of the Planck mass. This leads to a range 10 −23 − 10 −17 [20] for the coefficients which carry the Lorentz and CPT violating effects.
Notice that the first (second) number represent the electron mass m e (m EW ∼ 250 GeV ) scale.
In this section, we study the Lorentz and CPT violating effects on the decay widths of the charged Higgs GeV . This is almost two order larger compared to the case where the output scalar is H 0 . Notice that, here, we consider a weak mixing between neutral Higgs bosons and this results in a suppressed Γ for H 0 output. Fig. 2 shows the effect of mixing of neutral Higgs scalars on the Γs of
The addition of Lorentz violating effects brings small contributions to the Γ and in the following we study the relative behaviors of the new coefficients driving the Lorentz violation.
In Fig. 3 , we present the coefficient k Finally we analyze the CPT violating asymmetry of the decays studied (see eq. (12)). This asymmetry is due to the existence of the CPT odd parameter k φ and it enters into the Γ as and CPT odd k φ coefficients. The latter one is responsible for the tiny CPT asymmetry.
• The Lorentz violating part of the Γ is more sensitive to the CPT even coefficient k • There exist a tiny A CP T in the order of 10 −20 for all three different decays.
As a final result, the Lorentz violating effects for the charged Higgs decays under consideration are too small to be detected in the present experiments since they depend on the tiny coefficients which arise from a more fundamental theory at the Planck scale. 
